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Metabolic  response to critical illness

• ‘one-size fits all’ and ‘set and forget’ approaches to nutrition do not adequately 

address the complex metabolic, hormonal, and immunological changes that occur 

with critical illness

‘Ebb’ or early shock phase ‘Flow’ or catabolic phase



ESPEN Guideline-2019



Wischmeyer Critical Care 2017, 21(Suppl 3):316



Terminology 

ESPN-2019 guidelines



How to define the energy expenditure (EE)?

• ESPN & ASPEN/SCCM-indirect calorimetry is better 

• Weir Equation for REE: REE = (3.94 x VO2) + (1.1 x VCO2)

• If indirect calorimetry is not available, (REE= VCO2 x 8.19)

VCO2 only obtained from ventilators

• If both are not available we can use predicting equations

Lambell et al. Critical Care (2020) 24:35



TICACOS indirect calorimetry 
measurements
(study group, n = 56)
Vs
25 kcal/kg/day
(control group, n = 56).

Energy  (2,086 ± 460 vs. 1,480 ± 356 kcal/day, p = 0.01) 
Protein (76 ± 16 vs. 53 ± 16 g/day, p = 0.01)
Mortality ITT(32.3% vs.31/65 patients, 47.7%, p 
=0.058)
MV-16.1 ± 14.7 vs. 10.5 ± 8.3 days, p = 0.03
ICU stay (17.2 ± 14.6vs. 11.7 ± 8.4, p = 0.04)

EAT-ICU trial
EGDN) vs. 
standard 
nutritional

Indirect calorimetry(N=100)
Vs 
25 kcal/kg/day(n=99)

1877 Kcal/d Protein 1.47 g/kg/d 
Vs 1061 kcal/d Protein 0.50 g/kg 
Primary-PCS score at 6 months
Secondary-mortality, rates of organ failures,
serious adverse reactions or infections in the ICU, 
length of ICU or hospital stay, or days alive without life 
support at 90 days 
No benefit

ONCA Study calorimetry (IC group)n=20
Vs 
SC group formula based (n=20)

Energy -(21.1 Å} 6.4 versus [vs] 25 kcal/kg/d, P < .01)
Protein-(91% Å} 24%) vs (73% Å} 33%).
ICU LOS (13 ± 8 vs 24 ± 20 days, p < 0.05)



In conclusion

• Although in above RCT targets are higher in IC method and most of 

patients achieved it but outcomes are poor 

• It can avoid avoid under- or over delivery of energy



Delsoglio, Marta et al. “Indirect Calorimetry in Clinical Practice.
” Journal of clinical medicine vol. 8,9 1387. 5 Sep. 2019, doi:10.3390/jcm8091387
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How to assess malnutrition?

• Weight changes are difficult to evaluate in the ICU

• weight and BMI do not accurately reflect malnutrition

• more concern is the loss of lean body mass

• critical illness associated frailty

Laboratory tools

• Albumin and isolated pre-albumin levels-not good markers

ESPN-2019 guidelines



How to assess malnutrition?

• Subjective global assessment (SGA)

• Mini-nutrition assessment (MNA)-elderly 

• nutritional risk screening (NRS)

• MNA-short form (MNA-SF)

• Clinical Frailty Score

• No specific ICU nutritional score has been validated so far

• NRS,MUST scores not specifically for critically ill

• ASPEN and SCCM-recommends NRS,NUTRIC

• EPSN-not recommended any tools for assessing nutrition



Washington critical care 3rd edition



2015 ESPEN definition

ESPN-2019 guidelines



Muscle wasting

• Sarcopenia is defined as a decrease in muscle loss and/or function

• lean body mass evaluated by ultrasound , CT scan, bioelectric impedance or even 

stable isotopes

• Muscle function-handgrip dynamometer

• USG assessment of muscle glycogen 

ESPN-2019 guidelines



Discussion 

• Initiation: Early vs Delayed

• Trophic vs full nutrition

• EN vs PN

• Nutrition while in shock



Lack of data 

• Continuous vs intermittent feeds

• Organ failure subsets

• Feeding certain subset of populations

• Chronic mal nourished

• Obese

• Which type of protein



EN vs oral diet ?

• No studies comparing EN vs oral

• Preferred in no risks of vomiting or aspiration



Initiation of nutrition 
early or delayed ?



EEN vs delay nutritional intake (including
delayed EN, oral diet or PN) 12 RCTs (662 patients)

ESPN-2019 SUPPLIMENT



EEN vs delay nutritional intake (including
delayed EN, oral diet or PN) 11 RCTs (597 patients).

ESPN-2019 SUPPLIMENT



EEN vs delay nutritional intake (including
delayed EN, oral diet or PN)

ESPN-2019 SUPPLIMENT



Trophic vs full nutrition



EAT-ICU

TICACOS

EPaNIC

PermiT Trial 

Espn-2019 supplement



Espn-2019 supplement



EDEN Trial

Espn-2019 supplement



Espn-2019 supplement



Espn-2019 supplement



• Full enteral vs trophic for 6 days

• N=1000



• Full-feeding group used more prokinetic agents, 

• Vomiting (2.2% vs 1.7% of patient feeding days; P=.05), 

• Elevated gastric residual volumes (4.9% vs 2.2% of feeding days;P.001) 

• Constipation  (3.1% vs 2.1% of feeding days; P=.003)















High  nutritional ris= score  5–9 vs  low nutritional risk=score  0–4















In conclusion

• Early full feeding also increases the risk of refeeding

• Too  low intake, below 50%, may lead to severe calorie debt and empty the 

energy reserves, reduce lean body mass and may increase infectious 

complications

• Optimal amount appeared to be between 70 and 100% of measured EE



EN vs PN ?



EN vs PN – summary of evidences

• No benefit in mortality.

• Increase  in number of infectious complication with use of PN

• EN associated with significant reduction in ICU days compared to PN

• But no difference in hospital length of stay or ventilator days

• EN associated with increased vomiting

CANADIAN CLINICAL PRACTICE GUIDELINE 2015



EN vs PN mortality

Canadian-2015  guidelines



Infectious complication EN vs PN

Canadian-2015  guidelines



• Pragmatic, randomized trial

• EN vs PN with in 36 hrs x5

• N=2388







What if early EN is 
contraindicated?

Should we start PN?



• Standard care vs early PN

• Standard care-EN,PN, at =2,8 days

• Early PN-44 min after enrollment

• Multicenter study

• n=1372









Parenteral Nutrition
When should we start?



• EpaNIC

• N=4640,RCT

• Supplemental PN

• Day 1 vs day 8







In conclusion-in early initiation group 

• Fewer discharges

• Long ICU LOS

• More new infections

• More inflammation

• More time on vent

• More renal failure

• Cost more money



Adequately nourished critically ill patients

• No  PN within the first 7 days 

• Associated with unnecessary costs

• < 7 days of an ICU stay associated with harm,or at best no benefit,interms 

of survival and ICU length of stay

Severely malnourished 

• may be benefit from earlier PN



Early EN vs Early PN ?



NUTRIREA-2

CALORIES Trial 

ESPN-2019 guidelines
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early EN vs early PN ?

ESPN-2019 guidelines



early EN vs early PN ?

Intermittent vs continuous

ESPN-2019 guidelines



Intermittent vs continuous ?



Intermittent vs continuous

ESPN-2019 guidelines



Intermittent vs continuous



Intermittent vs continuous



Gastric  vs post pyloric feeding ?



Gastric  vs post pyloric feeding
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ESPN-2019 guidelines



Gastric  vs post pyloric feeding
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Gastric  vs post pyloric feeding
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Gastric  vs post pyloric feeding

ESPN-2019 guidelines



In conclusion 

• Postpyloric EN has been associated with a decrease in VAP, but this benefit did 

not translate into decreases in length of ventilation, ICU or hospital stay, or 

mortality

• Duodenal  vs  jejunal are  not differentiated

• Post pyloric feeding is better  in patients with a high risk for aspiration

(Inability  to protect the airway, mechanical ventilation, age >70 years, reduced 

level of consciousness, poor oral care, inadequate nurse:patient ratio, supine 

positioning, neurologic deficits, gastroesophageal reflux, transport out of the ICU, 

and use of bolus intermittent EN)


